The objective of this study was to compare the fractional zinc absorption (FAZ) and the size of the rapidly exchangeable zinc pool (EZP) after three months of iron supplementation in women consuming ferrous sulfate between meals. Twenty-one non-anemic apparently healthy women received on average 55.1 ± 18.5 mg elemental iron per day as ferrous sulfate, and five received no supplemental iron. Fractional absorption of zinc was determined before and three days after finishing the third month of iron supplementation by using an extrinsic labeling with zinc stable isotopes and a dual isotope enrichment method in urine. EZP was determined from urine enrichment following intravenous administration of 70 Zn. Results of selected zinc-related variables in the iron supplemented women were (before vs. after iron supplementation): FAZ with meal 0.22 vs. 0.24, p = .23; FAZ in fasting state 0.58 vs. 0.69, p = .005; EZP 177 mg vs. 160 mg, p = .058; plasma zinc 90.6 vs. 86.1 µg/dl, p =.065. The control group remained unchanged. The capacity to absorb zinc was increased three days after terminating a period of iron supplementation as compared with the pre-iron period. This may be attributable to impairment of zinc status by the iron supplements as evidenced by a trend for lower plasma zinc and EZP.
Introduction
Iron deficiency is a common nutritional disorder worldwide, and Chile is not an exemption to this situation [1] . Zinc deficiency has also been identified in selected groups of the Chilean population, such as infants [2] , preschool children [3] , and short-stature schoolchildren [4] .
Iron and zinc interaction has been described in animal and human models [5] . A number of studies have reported decreased zinc absorption in the presence of high amounts of iron, whereas others have failed to observe this effect [5, 6] . The extent of the potential effects of increased iron consumption through iron fortification or iron supplementation on zinc absorption and metabolism remains to be elucidated [6] . The use of zinc stable isotopes as tracers may constitute a useful tool to explore the nature of this mineral-mineral interaction.
We evaluated the effects of iron supplements administered between meals during a period of three months in a group of apparently healthy non-anemic nonpregnant women by using a zinc stable isotope-based methodology. Fractional zinc absorption (FAZ) and the size of the rapidly exchangeable zinc pool (EZP) were determined before and after the supplementation.
Material and methods

Subjects
Twenty-six apparently healthy non-anemic non-pregnant women (age range 18 to 41 years) volunteered to take part in the study. Their average BMI was 25.8 ± 3.1 kg/m 2 . Twenty-one individuals were instructed to take between meals, (i.e., between 10:00-11:00 hours and/or 16:00-17:00 hours), 1 to 2 tablets of ferrous sulfate per day, which provided 40 to 80 mg of elemental iron per day. Five subjects received a placebo. The number of tablets consumed was monitored every other week by a member of the team (JC).
At the beginning of the study and after three months of supplementation a series of dietary, anthropometric, and biochemical determinations were conducted. FAZ and EZP were determined.
Determinations
Anthropometric evaluation was carried out using standardized procedures [7] . A dietary interview was performed by the team nutritionists (AR and MV). Energy and nutrient intakes were calculated with the FP2 software (ESHA Research, Salem, Ore., USA) by using a database which contained locally generated nutrient composition data as well as information from the literature [8] .
Fasting blood (7 ml) was obtained by antecubital puncture and kept in trace-element free containers until analysis. Whole blood was used to determine hematocrit and the concentration of hemoglobin by coulter counter. Serum and plasma were separated within two hours of collecting the samples. Serum was used to determine ferritin concentration by enzyme-linked immunosorbent assay (ELISA) ( [9] . Plasma was used to determine zinc concentration by atomic absorption spectrophotometry according to the method of Smith et al. [10] . Hair was collected from the proximal centimeter of the occipital scalp. It was washed with non-ionic detergent, dried, ashed, and analyzed by atomic absorption spectrophotometry.
Fractional zinc absorption and the size of the rapidly exchangeable zinc pool were determined according to the dual isotope ratio technique using extrinsic labeling and urine enrichment method of Friel et al. [11] .
These procedures were carried out before the start of the iron supplementation and three days after completion of the three month intervention. All subjects signed an informed consent form.
On day 1 the subjects received an oral dose of 68 Zn in water (accurately weighed quantity of approximately 2 mg) and an IV dose of 70 Zn (accurately weighed quantity of approximately 0.5 mg). On day 2, they were given an oral dose of 67 Zn in a standard meal (accurately weighed quantity of approximately 1.0 mg). The standard meal consisted of 230 ml of whole fat milk labeled with 67 Zn plus white bread and a slice of cheese.
Spot timed urine samples were collected from day 4 to 9 after the stable isotope administration. Urine samples were digested and extracted according to the method of Veillon et al. [12] . The percentages of 67 Zn, 68 Zn, and 70 Zn enrichments were determined by inductively coupled plasma-mass spectrometry (ICP-MS) in the Pediatric Section Laboratory, University of Colorado, Denver. With the exception of the final ICP-MS determination, all procedures were conducted at the Department of Nutrition, Faculty of Medicine, University of Chile.
Statistical analyses (descriptives, paired comparisons, and correlations) were performed using the STATA 6.0 statistical package (Stata Statistical Software, College Station, Texas, USA, 1999).
Results
The average energy and selected nutrient intakes at the time of the initial assessment is shown in table 1. Observed zinc intakes represented, on average, 84% and 100% of adequacy of the recommended intakes [13] in the iron-supplemented and control groups, respectively. Consumption of supplemental iron averaged 55.1 ±18.5 mg per day, which corresponded to a total amount of 4,961 ± 1,668 mg during the 90 days of the experiment. None of the subjects reported major discomfort attributed to the use of the supplement.
The iron nutrition-related indices before and after the supplementation are described in table 2. The only significant change observed was the increased ferritin concentration in the group receiving supplemental iron.
There was a significant increase of FAZ from a water solution given on an empty stomach, but not from a standard meal (table 3) . Plasma zinc and the size of the EZP decreased, but not significantly, in the iron supplemented group.
Discussion
Zinc has five stable isotopes, three of which are in naturally low abundance that make them suitable to be used as "tracers." These are 67 Zn (natural abundance 4.1%), 68 Zn (18.8), and 70 Zn (0.6%). The use of these stable isotopes along with accurate and precise determination techniques already available will contribute to the understanding of zinc homeostasis under a variety of conditions. Thus, intestinal absorption of zinc, excretion of endogenous zinc, and zinc metabolism through compartmental analysis are among the most relevant applications [14] .
Most of the iron-zinc interaction studies have been conducted by evaluating the results of the simultaneous administration of both minerals [5, 6] . Witthaker [15] reviewed 29 studies on the effects of iron on zinc absorption. Fourteen of the studies showed negatives effects, whereas 15 failed to find such effects. The main conclusions from that review were that iron, in an iron: zinc ratio 2:1 or higher, strongly interferes with zinc absorption provided the minerals are given in water or simple beverages. In more complex food matrices the effect of iron is, in most cases, absent. It is also evident that only non-heme iron is capable of interfering with zinc absorption. In interventions where the supplements are consumed between meals the cumulated evidence does not allow for firm conclusions on the potential negative effects of iron on zinc. Hambidge et al. [16] reported that pregnant women receiving 150 mg or more per day of iron had reduced plasma zinc levels in the third trimester. O'Brien [17] found similar results in Peruvian women receiving prenatal iron and folate supplements (60 mg iron/day). In contrast, Sheldon et al. [18] did not find any adverse effects of 240 mg of ferrous fumarate (2 times daily) in pregnant women. Yip et al. [19] did not observe reduced plasma zinc in children receiving 30 mg per day of ferrous sulphate. Sandstrom et al. [20] failed to detect a reduction of zinc absorption in individuals receiving 50 mg of iron during two weeks.
The use of zinc stable isotope-based methodologies can help determine the occurrence and magnitude of the effects of iron supplementation on zinc absorption and metabolism. There are two published papers relevant to this issue. Fung et al. [21] studied zinc absorption in 13 women at preconception, late pregnancy, and lactation. The iron supplements were administered with the midday meal. They noted a significant increase of zinc absorption during lactation in the group as a whole. Interestingly, four subjects who received iron supplements did not show an increase, which may suggest some degree of interference in zinc absorption. Unfortunately, the small sample size precludes reaching any firm conclusions in this regard. O'Brien et al. [22] studied Peruvian pregnant women who received either iron-folate supplements with or without zinc, or no supplements (controls). Zinc absorption approached 20% in both iron (with and without zinc) supplemented groups, as compared with 47% in the controls. The results are hard to interpret because the subjects consumed their supplements at the same time that the zinc absorption tests were performed.
In our study, zinc absorption determinations were carried out three days after suspending the iron supplement. Thus, we evaluated the effects excluding any Iron-zinc interactions in Chilean women luminal mineral-mineral interaction or the participation of recently absorbed iron. When iron supplements were taken between meals there was a significant increase in zinc absorption (19%) as determined on fasting conditions, and a trend (non-significant) to decreased plasma zinc levels (5%) and a reduced size of the EZP (9%). These findings suggest the occurrence of a downward change in zinc status, which in turn signaled the enterocyte to increase zinc absorption capacity. Increased zinc absorption was only observed in the fasting state because the results are not diminished by the other food constituents that affect zinc absorption from meals. Ongoing studies conducted by our group with extended periods of supplementation, and with the incorporation of additional zinc status indices may help to clarify the nature and extent of the iron-zinc interaction in individuals receiving iron supplements.
